Introduction
============

In Germany HPV vaccination for young women 12--17 years of age started in 2007. The implementation was accompanied by various campaigns. Pharmaceutical industry was strongly involved including presentations in school classes \[[@R6]\]. Neumeyer-Gromen et al. have analysed German media reports and public brochures from 2007--2009 to study whether available information facilitates informed choice in HPV vaccination. They found that only 41% of the identified sources provided numbers on effectiveness and 2% on absolute risk reductions for the cancer surrogate dysplasia. Also, none of the numbers was correct \[[@R14]\].

Adolescents' participation in decision making lacks essential prerequisites for informed choice including availability of evidence-based patient information. This means information that is unbiased, complete and understandable \[[@R2]\]. Incomplete and biased information may lead to worrying misconceptions as reported in a number of recent publications.

About one year after the introduction of the UK vaccination programme, Hilton et al. explored schoolgirls' knowledge and understanding about HPV infection and its link to cervical cancer, beliefs about safer sex, and personal risk in relation to HPV, understandings and concerns about HPV vaccination, vaccination experiences, and understanding of the importance of cervical cancer screening. Participants (n=87) of this focus group study were between 12--18 years old. Typically girls referred to the HPV vaccination as the cancer jab. Results showed that knowledge on HPV was low and partly incorrect \[[@R9]\].

Schmeink et al. interviewed 698 female and male students aged 18--25 years. After implementation of the national HPV vaccination programme in the Netherlands, more than 50% had never heard of HPV \[[@R15]\]. In a web-based survey with 396 female American college students, Dillard et al. explored general knowledge on HPV vaccination. Results showed that HPV related knowledge averaged only 65% overall \[[@R5]\]. In addition, an Australian focus group and interview study found lack of knowledge about HPV vaccination (HPV infection, transmission, cervical cancer connection, HPV vaccine, recommendations) among parents and girls \[[@R4]\].

In preparing the protocol of the present study, few studies were identified which explored children's perception of risk information. In fact, confidence in children's ability to deal with numerical data is low, especially in disadvantaged pupils. Ulph et al. studied children's perception of different presentations of probability information. In principal, children between 7 and 11 years of age can understand probability information. Pie charts were helpful to support understanding of presentations \[[@R20]\].

In 2008, the British General Medical Council explicitly demanded the participation of adolescents in decision making, which requires evidence-based information \[[@R7]\]. In the UK the Gillick guidelines provide a legal framework for professionals who have to judge on adolescents' ability to consent to medical treatment \[[@R8]\]. However, in practice, the interpretation of the guideline varies \[[@R21]\]. Based on an interview study with stakeholders, Wood et al. suggest to allow "Gillick competent" adolescents to consent or to refuse, even if this contradicts their parents' opinion \[[@R21]\].

The target group of HPV vaccination demands and urgently needs numerical information on disease risk \[[@R19]\]. Stöckli et al. analysed three HPV information brochures for adolescents and conducted focus groups with Swiss pupils aged 14--19 years. One of the analysed HPV information was the leaflet of the German Women's Health Network which was used in the control group of the present study \[[@R13]\]. They reported that none of the information provided numerical data on cervical cancer risk. However, the information drew certain pictures on the disease risks. Pupils highly overestimated cervical cancer risk with overall ratings between 24% and 35%, and estimates up to 90%. One information leaflet induced another serious confusion. Participants equalised the cervical cancer risk to the risk of HPV infection, which was stated to be 70%. In fact, lifetime cervical cancer risk is approximately 1%. The authors concluded that those developing information should beware of these communication pitfalls. Their study shows that standard information without numerical data causes harm by evoking misconceptions of disease risks \[[@R19]\]. Communicating numbers could prevent false conclusions \[[@R19]\].

Therefore, the aim of the present study was to compare the effects of an information leaflet including numerical data to standard information without numerical data on 'risk knowledge' regarding HPV vaccination in disadvantaged schoolgirls of full-time vocational schools.

Methods
=======

In 2009, 3 vocational schools, in Schleswig Holstein, Germany, were asked to participate in the project and facilitate access to the target group of HPV vaccination in full-time vocational classes. All schools agreed and facilitated access to eligible classes. Classes were recruited until sample size was reached.

Participants
------------

All 108 schoolgirls of seven classes were asked to participate and 105 gave informed consent. Participants were full-time vocational schoolgirls who were preparing for grade 10 graduation and who were members of the target group for HPV vaccination in Germany (age 15--17).

We randomly assigned the 105 schoolgirls to receive either one of the two information formats on HPV vaccination. Individual randomisation was done for all participants by an external person. Allocation was concealed. ID numbers were either even or odd numbers representing either one study group and leading to an even distribution in each class. Students, trial staff and also the statistician, were unaware of the study arm to which participants had been assigned.

Intervention and comparison
---------------------------

The intervention consisted of the modified standard leaflet of the German Women's Health Network, which is part of the European Women's Health Network and aims to enhance women's health. This standard leaflet comprised one A4 size paper, printed on both sides, and did not include numerical risk information ([Attachment 1](#SD1){ref-type="supplementary-material"}). For the intervention group the standard leaflet was supplemented with numerical information on cancer risk and on benefit of the HPV vaccination in terms of cervical cancer prevention \[[@R13]\] ([Attachment 2](#SD2){ref-type="supplementary-material"}). The control group was asked to read the standard leaflet on HPV vaccination. The modified leaflet was pilot tested with members of the target group (n=5) for comprehensibility, readability, and acceptability.

Procedure
---------

In Germany, any studies performed within public schools require approval from the federal state government. In contrast to other federal states, Hamburg always requires informed consent given by parents. According to the German data protection act, the target group is judged to be mature enough to give informed consent regarding the present study. Therefore, in September 2009 we addressed the three vocational schools in Schleswig Holstein that offered full-time vocational classes in the field of health and were situated close to Hamburg. The schools were addressed and information on the project was provided. Seven classes were consecutively included until the sample size was reached.

Schoolgirls who were present at school the day of the study were addressed. Male students were offered the intervention but they were not included.

After a short introduction of the project by one of the authors (AS or MA), envelopes were consecutively distributed. According to IDs, participants were then seated either in the window section or the non-window section of the classroom to avoid contamination among the groups. The time frame comprised 90 minutes. After the schoolgirls exhaustively worked through the flyer, they completed the knowledge questionnaire.

After completion of the study, participants had the chance to ask questions and discuss relevant issues on HPV vaccination.

Outcome measure
---------------

The primary outcome measure was 'risk knowledge'. Age, vaccination status, attitude towards HPV vaccination, information accessed for HPV, native language and parents' countries of birth were surveyed as baseline characteristics.

The knowledge questionnaire was based on the 'informed choice' knowledge questionnaire developed by Marteau et al. and adapted to HPV vaccination \[[@R11]\]. It comprised 6 items (Table 1 [(Tab. 1)](#T1){ref-type="fig"}). The first 2 items referred to general knowledge and were assumed to be easy to answer. They were intended to motivate adolescents to work on the questionnaire.

Items were coded according to a predefined coding sheet. Each correct response scored either 0.5 points (2 items on general knowledge) or 1.0 point (4 items on 'risk knowledge') leading to a maximum score of 5 points. Missing responses were counted as wrong answers.

Attitudes were surveyed applying the attitude item of the 'informed choice' instrument by Marteau et al. (scale: 1 (positive) -- 4 (negative)) \[[@R11]\].

We had decided not to survey components of the outcome measure at baseline, before distribution of the information leaflets, for methodological reasons. Applying the same questionnaires twice within one session would have biased results.

Hypothesis
----------

We expected risk knowledge to be poor with standard information and that the intervention would improve 'risk knowledge' by 30% of the scale range among schoolgirls.

Statistical analysis
--------------------

The primary analysis was performed by intention-to-treat. Baseline variables are presented as means and standard deviation (SD) or frequency distributions. Fisher's exact tests for categorical variables and unpaired t-tests for continuous variables were used to explore comparability of the study groups at baseline.

The data columns considering 'risk knowledge' did not contain any missing values because only correct answers were counted as 'risk knowledge'. Knowledge scores were analysed as continuous variables and analysed based on mean-scores (SD). Groups were compared using unpaired t-test.

The software package SPSS 16.0 was used for statistical calculations.

Sample size
-----------

Sample size calculation: We assumed that the control group would achieve 10% (0.5 points) of the maximum score. We considered an increase of 30% (1.5 points) in 'risk knowledge' as an important improvement. Aiming for a power of 90% at an alpha error of 5% each study group should therefore include 47 participants.

Results
=======

Baseline characteristics of the two groups were comparable (Table 2 [(Tab. 2)](#T2){ref-type="fig"}). Attitudes towards HPV vaccination showed no significant differences between intervention and control group. Mean values (SD) were 1.7 (0.8) and 1.7 (0.6) respectively, p=0.95 (scale 1 (positive) -- 4 (negative)) (Table 1 [(Tab. 1)](#T1){ref-type="fig"}). We analysed 'risk knowledge' for all 105 randomised participants (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}). Numerical information recipients were much more likely to give correct answers compared to standard information recipients: mean value of 'risk knowledge' score (scale 0--5 points): 4.6±1.0 vs. 2.6±1.2; difference 2.0 (95% CI 1.6--2.4; p\<0.001) (Table 3 [(Tab. 3)](#T3){ref-type="fig"}).

Post hoc analyses of single items were performed. Incorrect answers of control participants indicated that cervical cancer risk was highly overestimated whereas total cancer risk was mostly underestimated, and possible impact of HPV vaccination on cancer prevention was overestimated. Results of the multiple choice knowledge items are shown in Table 1 [(Tab. 1)](#T1){ref-type="fig"}. 89% of adolescents of the intervention group correctly estimated their lifetime risk to get cervical cancer versus 29% in the control group. Only 12% of the participants in the intervention group overestimated their risk, compared to 50% in the control group. Comparable results are shown for the risk of dying from cervical cancer. 9% vs. 48% of adolescents overestimated their risk in the intervention and control group, respectively. Finally, 6% (intervention group) vs. 31% (control group) stated that no woman out of 1,000 vaccinated women will die from cervical cancer, which indicates overestimation of HPV vaccination efficacy.

In addition, we surveyed the sources used by adolescents to find health information on HPV vaccination. The sources most frequently accessed were doctors (33 vs. 29), parents (23 vs. 15) and friends (16 vs. 11) for intervention and control group, respectively. Journals (4 vs. 9), television (7 vs. 9), internet (6 vs. 5), and school (8 vs. 5) were less frequently mentioned as a source of information by intervention and control group participants.

Discussion
==========

Our study shows that risk knowledge is low and misconceptions about cervical cancer risk and HPV vaccination are high among schoolgirls when using standard patient information. Numerical information on HPV vaccination improved risk knowledge.

Strengths and limitations
-------------------------

Primary analysis was on intention-to-treat and pupils were blinded to group affiliation. The study participants were disadvantaged students who were preparing for their first graduation in vocational full-time schools.

The trial also has limitations. Outcome measures had to be surveyed right after the intervention for data privacy protection reasons. The knowledge test had not been validated. Hence, lack of discrimination of single items might have obscured existing differences. In this study however, we detected a difference in risk knowledge. Furthermore, surveying adverse effects is an important issue. In this study follow up data collection was neither feasible nor intended. However, as demonstrated in the present and previous studies standard information on HPV vaccination rather than risk communication with numerical data appears to evoke adverse effects in adolescents' risk perception \[[@R19]\]. Overestimation of personal cancer risk and unrealistic expectations of medical intervention are clearly undesired outcomes of health information. Finally, the numerical information flyer was not rigorously developed according to defined criteria for evidence-based patient information and was also limited by the leaflet format \[[@R2]\]. Participants of the intervention group reported a slightly higher access to information on HPV. As evidence-based consumer information including numerical data was not available at the time of our study, this imbalance could have hardly influenced the results on risk knowledge.

Meaning of the study results
----------------------------

Our results extend the findings of other trials. Few studies addressed adolescents regarding risk knowledge on HPV vaccination. It is of note, that none of these studies surveyed risk knowledge on cervical cancer risk and effects of HPV vaccination on cancer prevention. In contrast to these recent international studies, schoolgirls in our study showed good knowledge regarding general aspects of HPV in both study groups as the first two items of the questionnaire were correctly answered by all except one participants \[[@R4]\], \[[@R5]\], \[[@R9]\].

Risk knowledge is an important component in decision making, but there are some other aspects of relevance. Connolly et al. emphasized that in case of vaccination decisions accurate and credible information on risks and benefits alone is not enough \[[@R3]\]. Decision makers need help to structure and transfer the relevant information into a well-reasoned decision. The authors suggest internet-based decision aids to face this issue \[[@R3]\]. They discuss a hierarchy of decision aids to offer health information of different levels of complexity in order to meet the individuals' needs, and suggest 3 different levels: simple recommendation; supported recommendation; interactive and assisted personal decision model \[[@R3]\].

On the other hand, Web 2.0 information has been shown to be influenced by anti-vaccination movements. Kata has outlined the rhetorical tactics of these movements \[[@R10]\]. Betsch et al. also discussed opportunities and challenges of Web 2.0 related to vaccination information. They identified users who are particularly vulnerable to finding and using misleading information \[[@R1]\]. This group especially comprises persons with low numeracy and low health literacy \[[@R1]\]. Therefore, improving risk literacy in young people is a prerequisite to informed decision making.

Conclusion
==========

Those designing and implementing vaccination programmes must respect the ethical right to evidence-based information for the target groups including adolescents. Results support the ethical guidelines' demand for evidence-based, reliable and easy to understand information on benefit and harm of medical interventions. Campaigns, using incomplete and misleading presentations of information are delusive and should be abandoned. In the meantime, the HPV flyer used in the intervention group is available on the internet \[[@R13]\]. Finally, as emphasized by various authors, adolescents need health literacy to be prepared for the critical appraisal of health information. Various projects have addressed this important issue \[[@R12]\], \[[@R17]\], \[[@R18]\].
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=====
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